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PftQCESS FOR PREPARING CAPROLACTAM 

6 

The invention relates to a process for preparing caprolactam by 
Beckmann rearrangement of oyclohexanone oxime by feeding cydohexanone oxime to 
a reaction mixture comprising (i) sulfuric acid (iO SO3 and (Hi) ceprotactam. 

Caprolactam can be prepared by Beckmann rearrangement of 
10 cyctohexanone osAne. Such Bedonann rearrangemem can be carried out by admixing 
cyclohes^none o»me to a reaction mixture compriaing caprolactam, suiftjric acid and 
8O3. In such tmcesa the sulfuric add and SOs is a catalyst for the conversion of 
cyplohexanone oxime towards caprolactam. Such conversion Is known to occur 
instantaneously. 

15 Such a process is for example described in U8^-391 421 7. In the 

process as described in US^-3914217 the Beckmann rearrangement is canled out in 
three stages in series. Cydohexanone o^dme is fed to each stage containing a 
cirsulafing rearrangement mixture having a sulfuric acid •^ SO3 to caprolactam weight 
ratio and a 80a content within certain ranges. The circulating rean^ngement mixture of 

20 the first stage has a sulfuric add ^ 8Qs to caprolactam weight ratio of 1 .33 to 1.60 
(molar ratio of 1.65 to 2.17) and a 8Qs content of 2 to 14 wL%; the drculatlng 
rearrangement mixture of the second stage has a suHwic add -¥ SO3 to caprdadam 
weight ratio of 1.14 to 1.31 (molarratioof 1.32 to 1.55) and a 8O9 content of m least 
0.82 wt%. preferably 0.82 to 6.6 wt% and »to drculatlng rearrangement mixture of the 

25 third stage has a sulfuric add + SOa to caprolactam weight ratio of 1 .00 to 1 . 13 (molar 
ratio of 1.15 to 1.33) and a 8O3 content of at least 0.4 wt.%, preferably 0.4 to 4 wt.%. 
The reaction mixturs obtained in ttie third rearrangement stage essentially containing 
caprolactam, sulfuric add and opttonally residual suffiir trioxide is sent to a reactor 
system together with ammonte, water and a solvent sud) as toluene. The sulfuric acrd 

30 and SQs are neutralbsed by converting the sulfuric add and SQ3 into ammonium sulfate 
and the caprolactam Is simultaneously extracted firom the ammonium sulfete solution 
formed in this system. 

It is known that rearrangement can be effected at various values for 
the molar ratio M. This is fn {^articular the case for the so-called more stage 

35 rean^ngement in which tiie molar ratio M of the reaction mixture decreases in each 
further step. Working at low molar ratio is advantageous as it results in the formation of 
leas ammonium sulfate during subsequent neutralisation. However, it has been found 
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that in the process as for example described in US-A-3d14217 the yield to caproladtam 
is sfill low. 

As used herefn» the molar ratio M of the reaction mixhire is defined as 
(nso$ + nH2S04)/ncap. wherein nso3 = quantity of SO3 In reaction mixture. In mol (1 mol 
6 SOa corresponds with 80 g)« nH2804 - quantity of H^O^ In reaction mixture, in mol (1 
mol H2S04 corresponds with 98 g) and neap- quantity of caprolactam In reaction 
mixture, in mol (1 mol caprolactam conresponds with 113 g). As used herein, with SOa 
content (wt.%) is meant the amount of 80$ (g) relative to the total amount (g) of 
reaction mixture comprising sulfuric add, SO3 and raprold^m. With SO3 is meant 8O3 
10 vAiidtx can be analyzed as such in the reacb'on mixture. 

The object of the invention is a process for pn^arfng caprolactam by 
Beckmann reanrar)gement of cydohexanone oxime with an improved yield to 
caprolactam. 

This object is achieved in that the SO3 content of the reaction mixture 
15 is between 9 and 20 wt.% and the molar ratio M of the reaction mixture defined as (psm 
nH2SD4)/ncap is between 1 and 1.4. wherein 
n903 - quantityof SO3 in readion mixture, in mcri 
nH2804 = quantity of H^O^ In reaction mixturet in mol 
n^ap ^ quantity of caprdactam In reaction mixture, in mol. 
20 it has been fbund that with the process of the invention the yield of 

the rearrangement of cydohexanone oxime to caprolactam is improved. 

In the process of the Invention, by-products are less produced 
residting in an improved quality of tiie obtained caprolactam. 

It has also surprisingly been found that, in spite of the high amounts 
25 of SQa, the caprolactam quality is not negatively influenced. 

As used herein, with SO3 content (wL%) is meant the amount of 80» 
(g) relative to the total amount (g) of reaction mixture comprising sulfuric acid, 80a and 
caprolactam. 

According to the invention, cydohexanone oxime is introduced into a 
30 reaction mixture comprising suffuric add. SO3 and caprolactam having a molar ratio of 
between 1 and 1,4 and a sulfur trioxfde content of from 9 to 20 wt.%, preferably higher 
than 10 wt.% more preferably higher tiian 12 wt.% and preferably lower than 18 
wt.%. Preferably, the molar ratio IW of the reaction mixture is between 1,16 and 1.4 
and the SO3 content of the reaction mixture is between 9 and 20 wt%. preferably 
35 higher than 1 0 wt.% and more preferably higher than 12 wt.% and preferably lower 
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than 18 wl.%. AS used herein, the values for M and the concentration of SO, and the 
temperature of the reaction mixture reffer in particuiar to the values In the reaction 
mixture otjtalned after feeding of the cydohexanone oxime Into the reaction mixture. 
The amount of oxlme introduced into such reaction mixture and the water content of 

5 the oxime Introduced into such reaction mixture determines the molar ratio M and the 
SO3 content of the reaction mixture obtained by admixture of cyclohexanone oxime to 
such reaction mixture. 

The values fbr M and the SOa content may be obtained in any 
suitable way. In a preferred embodiment, the process is a continuous process 

10 comprising keeping the reaction mbcturB in areulation. feeding oleum to the circulating 
reaction mixture In circulation, feeding oleum to the circulating reaction mixhjre. and 
withdrawing part of the circulating reaction mixture. The amount of oleum and the SO3 
content of the oleum fed to the circulating reaction mixture may be chosen such that M 
and the SOs content of the reaction mixture have the preferred values. 

^ 5 Cyclohexanone adme is preferably fad to the reaction mixture In the 

form of a liquid mett. 

Cydohexanone oxln»e (melt) and, separately therefrom, oleum are 
preferably introduced via dividers. Preferably cyclohexanone OJdme is ir^nsivety mixed 
with the reaction mixture. Suitable methods for admixture cyctohexanone oxime with 

20 the reaction mixture are for example described in U&A-3601318 and EP-Arl5617. In a 
preferred embodiment of the Invention, cyclohexanone oxime is admixed to the 
reaction mixture using a mixing device as depicted in figure 2. in figure 2, the mbdng 
device comprises a cylindrical tube 101 ttiat In first part 101a narrows to throat 101b, 
and beyond throat 101b widens in a second part 101c. The second part lOtc of the 

25 tube is connected to a second tube 102. In the throat openings 103 are present which 
are in connection with feed chamber 104. Cydohexanone oxlme Is supplied via feed 
chamber 104, and fed into reaction mixture through openings 103. The mixing device 
comprises dosures 105 with which openings 1 03 can be opened and closed 
independently. The mixing device also comprises a baffle 108 opposite to the exit of 

30 tube 101. Thetube opens into collecting vessel B, having wals 110, overflow 111, and 
outlet 1 12. Fraction miidure leaving tube 102 is ccrilected in the collecting vessel B, 
and leaves collecting vessel B partly via line 112 to be lUrther drculated. and partly via 
overflow 111 to ba fed into a subsequent reaction mixture or fbr the recovery of 
caprolactam. in a more pruned embortment of the invention, the mixing device 

35 comprises (1) a tube through Which the reaction mixture can flow, and 01) channels 
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disposed around the tube, said channels opening into the tube, said process 
comprising: passing the reaction mixture through the tube, and feeding the 
cydohexanone oxime into the reaction mixture through one or more of said channels, 
wherein Re of the reaction mixture > 5000, preferably higher than 10.000, Re being the 
5 Reynolds number as defined by p-V-D/n. wherein 

p = density (in kg/m^) of the reaction mixture that is fed to the hjbe 
V s velocity of the reaction mixture. V being defined as W/A, wherein W is the flow 
rate (in m Vs) of the reaction mixture that is fed into the tube and A is the cross 
section area of the tube (in m^) at the level where said channels open into the 
10 tube. 

□ s diameter of the tube at the level v/hexB said channels open into the tube (in m). 
T) s viscosity of the reaction mixtUTB that is f^d Into the tube (in Pa-s). 

The temperature at whteh the Beckmann rearrangement in a reaction 
mixtun» having a molar ratio of between 1 and 1.4 and a 80d content of between 9 and 

IS 20 wL96 is carri^ out may have any suitable value. Preferably, the temperature is 
between 70 and 1 30 more preferably at a temperature of between 80 and 120 

The Bedonann rearrangement is preferably carried out in a 
circulating reaction mbaure compnsing caprolactam, sulfuric add and SO^ by 
continuously feeding cydohexanone oxime and, separately therefrom, oleum to the 

20 drculating reaction mixture and by continuously wiQidrawlng a portion of the circulating 
reaction mixture equivalent to the amount the cydohexanone oxime and the amount of 
oleum introduced to the circulating rea^ion mixture. 

Preferably, oleum is continuously introduced Into the circulating 
reaction mbcbire on an amount sufficient to maintain the molar ratio M of tfie reaction 

25 mixture between 1 and 1 .4. The SQs content of the oleum introduced Into the 

circulating reaction mixture Is such that the SO3 content of the drculating reaction 
mbrture is between d and 20 wt.%. Preferably, one part of oyciohexanone oxime is 
continuously introduced Into at least 10 parts of the drculating reaction mixture; more 
pref^biy, one part of cydoh^canone oxime Is introduced Into at least 20 parts of the 

30 drculating reaction mixture. 

Preferably, the cydohexanone oxime introduced into the reaction 
mixture has a water content of less than 2 wt.%, more preferably less than 1 wt«% and 
even more preferably less than 0,1 wt,%. Feeding (^dohexanone oxime having such 
iow water content is advantageous as it provides an effective way of obtaining a 



23-05-2003 13:10 



DSM INTELLECTUfiL PROPERTY 



+31 46 4760011 P. 15/^ 
015 23.05.2003 12:59:53 



reaction mixture having a SO9 content of higher than 9 wt.%. while the add'rtion of large 
quantities of SQa is not needed. Adding cydohexanone oxime having such water 
content makes it possible to perfonn the Beckmann rearrangement at low molar ratio 
and at the same time at high SO3 content, while the addition of large quantities of SQs 
5 is not needed. Performing the Beckmann rearrangement at tew molar ratto and low SO4 
content is advantageous since it results in that the yield to caprolactam is Improved 
while the amount of ammonium sulfate during subsequent neutralisation is not 

increased (same molar fbQo). 

In a pr^fcsned embodiment, the rearrangement is canled out In a 

10 plurality of stages connected In series In which the molar ratio M of the reaction mixture 
preferably decreases In each farther step. PrefiBrably. the rearrangement Is carried out 
in at least two and more preferably in at least three stages connected In series. Each of 
these stages Is charged with cydohexanone oxime. while preferably all the oleum 
required is charged Into the first stage. Advantageously, cydohexanone oxime is fed to 

15 each stage with an amount decreasing from stage to stage. This is advantageous as. 
due to the tower molar ratio In each (iirther stage, the yield to caprolactam decreases in 
each further stage. Feeding cydohexanone oxFme to each stage with an amount 
decreasing from each stage results In that the overall high yield to caprolactam is 
maintained with a comparable amount of ammonium sulphate Ijy^produc* fbnnation. in 

20 a more stage rearrangement, the Beckmann rearrangement in each stage Is prefiBrably 
carried out In a drculating reaction mixture comprising caprolactam. suBurio add and 
SC^ by continuously feeding j^dohexanone ojdme and, separately therefrwn, oleum 
(Rrat stage) resp. the amount of the drculating reaction mixture withdrawn finom the 
previous stage (if any) to the circulating reaction mixture and by continuously 

25 withdrawing an amount of the drculating reaction mixture equivalent to the amount of 
cydohexanone oxime and the amount of oleum (first stage) resp. the amount of the 
cireulaeng reaction mixture withdrawn from the previous stage (if any) introduced to the 
circulating reaction mixture and by continuously feeding said amount to the next stage 
Of any). In the last Stage of a more stage rean-angement a portion of the circulaUng 

30 readfon mixture is preferably withdrawn equivalent to the amount of cydohexanone 
oxime and the amount of the drculating reaction mbtlure withdrawn ftwn the previous 
stage and introduced into the circulating reaction mixture of the last stage; from said 
portion capreiaetam Is recovered. Preferably, oleum Is continuously introduced into the 
drculating reaction mixture of the first stage in an amount sufficient to maintain the 

36 molar ratio M of the drculating raactton mixture In at least the last stage of the more 
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stage rearrangement between 1 and 1.4. Working at such low molar ratfo and high SOa 
content in especialfy the lest stage of a more stage rearrangement is advantageous as 
low moiar ratios In the last stage of a more stage reanBngement results in the 
fonmation of small amounts of ammonium sulfate during subsequent neutralisation 
5 while high amounts of SO^ at such low molar ratio results in an improved yield to 
caprolactam and additionally results in an improved quality of the obtained 
caprolactam. The SO3 content of the oleum introduced into the circulating reaction 
mixture of ttie first stage is such that the SO3 content of the circulating reaction mixture 
in at least the last stage is k^etween 9 and 20 wt%. Preferably, the oleum used in such 
10 two or three stage raanrangement has a sulfur trioxide content of firom 18 to 35% by 
welghL Prefisrabiy, one part of cyciohe)Ganone oxime Is continuously introduced into at 
le&A 10 parts of the dr(^atlng reacfion mbeture; more prsf!srably. one part of 
cgfdoh^canone oxime is introduced into at least 20 parts of the circulating reaction 
mixture^ 

15 In one preferred embodiment of the invention, the rearrangement is 

carried out in two stages connected in series. In this emt)Odiment, caprolactam Is 
preferably obtained by a continuous process comprising 
a) feeding (i) oleum and (ii) cydohexanone oxime Into a first circulating reaction 
mixture comprising caprolactem, suifuifc add and 80^, 
20 b) feeding (lii) a portion of the first circulating reaction mbchire and (iv) cydohc^none 
oxime Into a second circulation reaction mixture comprising caprolactam, sulfuric 
acid and 8O3. wherein the molar ratto 1^ of the second circulating circulation 
reaction mixture is between 1 .0 and 1.4 end the SOa content of the second 
circulation reaction mixture is between 9 and 20 wt%, and 
25 c) withdrav\^ng a portion of the second circulation reaction mixturs from which 
caprolactam is recovered 

In such two stage reanangement, pneferabty, from 60 to 05 by weight 
of the total amount (fed to the first and second reaction mixture) of ^dohexanone 
oxime and all of the oleum is to fi>e first naadion mixture. The moiar ratio M in the 
30 first drculating reaction mbeture is preferably maintained between 1.2 and 2.2 and the 
SO3 concentration is preferably maintained between 9 and 20 wt.%» more preferably 
higher than 10 wt.% and even more preferably higberthan 12 wt%. The molar ratio M 
in the first circulating reaction mbeture is more preferably maintained Isetween 1.4 and 
1,9 and the SO3 concentration is preferably maintained between 9 and 20 wt%, more 
35 preferably higherthan 10 wL% and even more prefisrably higher than 12 wt.%. The 
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molar ratio M in the first circulating reaction mixture is even more preferably malntafried 
btfween 1 .5 and 1.8 and the SO9 concentration id preferably maintained between 9 
and 20 wt.%, more preferably higher than 10 wL% and even more preferably higher 
than 12 wt.%. The SO3 concentration in flie first circulating reaction mixture le 
S preferably lower than 18 wL% and even more preferably lower than 17 wt.%. The 
temperature at which the Beclcmann rearrangement is earned out in the fii^t stage is 
preferably between 70 and 130''C, preferably between 70 and 120 ""C. From 5 to 40 by 
weight of the total amount of cyicohexanone oxime (fed to the first and second reaction 
mixture) is preferably fed to the second reaction mixture. The molar ra^o M in the 
10 second tirwiating reacHon mixture is preferably maintained between 1 and 1 .4 and the 
SO^ concentration Is preferatMy maintained between 9 and 20 wt,%, more preferat)iy 
higher than 10 wt% and even more preferably higher than 1 2 wt %. The molar ratfo M 
in the second drculating reaction mixture is more preferably maintained between 1.2 
and 1.4 and the SOa concentration is preferably maintained between 9 and 20 wt.%, 
15 more preferably higher than 10 wL% and even more preferably higher than 12 wt.%. 
The SO3 concentration In the second drculating reaction mixturs is preferably lower 
than 18 wt% and even more preferably lower than 16 wt%^ Ttie temperature at which 
the Bedonann rearrangement Is rarried out in the second stage is preferably k>etween 
70 and 130X and more preferably between 80 and 120*C. 
20 In an even more preferred embodiment of the Inversion, the 

rearrar^ement is carried out in three stages connected in series, in this embodiment^ 

caprotactam is obtained by a continuous process comprising 

a) feeding (i) oleum and (ii) cyclohexanone oxime into a first circulation reaction 

mixture comprising caproiactam, sulfuric acid and SO3, 
25 b) feeding a portion of the first circulation reaction mixture and (iv) cydohexanone 

oxime into a second circulation reaction mixture comprising caproiactam, sulfuric 

add and SO9. 

c) withdrawing a portion of the second circulation reaction mixture, 

d) feeding (v) a porQon of the second drculatlon reaction mixture and (vi) 
30 ^clohexanona oxime into a third dmuiation reaction mixture comprising 

capnolactam. sulfuric acid and whensfn the molar ratio IM of the third circulation 
reaction mixture Is between 1.0 and 1.4 and the SO3 content of the thinl drcuiation 
reaction mlxtun^ is between 9 and 20 wt%, and 

e) mthdrawing a portiort of the third drculation reaction mixture from which 
35 caproiactam is recovered. 
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In such three stage rearrangement, preferably, fronn 60 to 95 by 
weight of the total amount of cyclohexanone oxime (fed to the first, second and third 
reaction mixture) and all of the oleum Is fed to the first reaction mixture. The molar ratio 
M In the first circulating reaction mixture Is preferably maintained between 1.2 and 2.2 
and the SO, concentration is preferably maintained between 9 and 20 wL%. more 
preferably higher than 10 wt.% and even mote preferably higher than 12 wt%. The 
molar ratio M m the first droulatlng reaction mixture is more pfefteraWy maintained 
between 1 4 and 1.9 and the 8Q, concentration Is piefbrably maintained between 9 
and 20 wL%, more preferably hlgherthan 10 wt% and even more preferably higher 
than 12 wt.%. The molar ratio M In the first circulating nsactlon mixture is even more 
preferably maintained between 1.5 and 1.8 and the SO, concentration is preferably 
maintained between 9 and 20 wt%. more preferably higher than 10 wt.% and even 
more preferably higher than 1 2 wt%. The SO, concentration In the first circulating 
reaction mixture is preferably lower than 18 wt% and even more preferably lower than 
17 wl.%. The temperature at which the Beckmann rearrangement is canted out in the 
first stage is preferably between 70 and 130°C. preferably between 70 and 120 "C. 
From 5 to 40 by weight of the total amount of cylcohexanone oxhne ^ to the first and 
second reaction mbclure) Is prefterebly fed to the second reaction mixture. The molar 
ratio M m the second circulating reaction mixture is preferably maintained between 1 
and 1 6 and the SO, concentration is preferably maintained between 9 and 20 wt.%. 
more preferably hlgherthan 10 wL% and even more preferably higher than 12 wt.%. 
The molar ratio M in the second drculaling reaction mixture Is more preferably 
maintained between 1.2 and 1.4 and the 8O3 concentration is preferably maintained 
between 9 and 20 wL%. more preferably hlgherthan 10 wt.% and even more 
preferably hlgherthan 12 wt%. The SO, concentration in the second droulating 
reaction mixture is preferably lower than 18 wt.% and even more preferably lower than 
16 wt.%- The temperature at which the Beckmann reanangement is canied out In the 
second stage is preferably between 70 and 130»C and more preferably between 80 
and 120'C. From 2 to 15 by weight of the total amount of cyctohexanone oxime (fed to 
the first, second and third stage) is preferably fed to the thinj reaction mixture. The 
molar ratio lUi In the thbd circulating reaction mixture is preferably maintained between 
1 and 1.4 and the SO, conoentraBon preferably maintained between 9 and 18 wt%. 
more preferably higher than 1 0 wt% and even more preferably higher than 1 1 wt%- 
The molar ratio M in the third circulating reaction mixture Is more preferably maintained 
between 1 and 1.3 and the SO, concentration Is preferably maintained between 9 and 
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18 wt%. more preferably hiflher than 10 vwt% and even more preferably higher than 1 1 
wt% Tlie SO, concentration fn the thW circulating reaction mbdyre Is preferably lower 
than 17 wt% and even more preferably lower than 16 wt.%. The temperature at which 
the Beckmann reanangement Is carried out in the third stage Is preferably between 70 
5 and 130»C and mot© preferably between 80 and 120"C. 

It has been found that an effective way of performing a two stage or 
three stage rearrangement. In which the second and third (if any) circulating 
rearrangement mixture has a molar ratio M of between 1 .0 and 1 .4 and a S0» content 
of between 9 and 20 wL%. Is to imroduce cydohexanone oxime in said reanangement 
mixture having a water content of less than 2 % by weight, pretbreWy less than 1 wt% 
water and even more preferably less than 0.1 wt.%. Using cydohexanone oxIme 
having a water content of less than 2 % by weight is advantageous because the use of 
cydohexanone cwImB with such a small amount of water results in that sudi a low 
molar ratio In combination wHh a high SOacontent can be obtained without having to 
16 add Wgh quantities of SO). Adding high quantifies of SOa is disadvantageous, since, 
either a high SO, concentration In the deum (H2SOVSO3 mixture) has to be applied. 
vAMth is disadvantageous from an economical point of vlev>/ and because the risk of 
fuming of the oleum increases and because the flowabillty of the oleum decreases, or, 
when still using a relatively low concentration of 8O9 m the oleum. Wgh quantities of 
20 oleum has to be fed to the rearrangement mature per quantity of oxIme. whidi results 
in the fomiatlon of high amounts of byi»rodud (ammonium suffiate) during subsequent 
neutralization. Inlrodudng cydohexanone oxlme having such a tow water content s 
advantageous as eHher a higher yield to caproladam can be obtained fbr a given 
amount of SCJs added to the process, or less SO, needs to be added to obtain a given 
25 yield to caproladam. In addition. Introdudng cydohexanone oxlme having audi a low 
water content is advantageous as either an improved quality of the obtained 
caproladam can be obtained for a given amount of SO5 added to the process, or less 
SOa needs to be added to obtain a given yield to caproladam. 

One way of obtaining cydohexanone oxime having a vwater content of 
less than 2 wt.% Is drying cydohexanone oxime with a high water content for example 
with inert gas. A preferred way of obtaining cydohexanone oxlme having a water 
content of less than 2 wt% Is a process In which cydohexanone oxlme is obtained by 

a) preparing an organic medium comprising cydohexanone oxime dissolved in an 

organic solvent, and 

b) separating, by dfetillatlon, cydohexanone oxime frtm said organic medium. 



30 
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Preparing an organic medium comprising cycloheMinone oxime 
dissolved In an organic solvent is preferably carrted out by contacting In a rea<^on 
zone in countercunrent flow a stream of a sotutton of cyclohexanone in an organic 
Qotvent which Is also a solvent for the oydohexanone oxima and a stream of an a 
5 phosphate buffered, aqueous solution of hydroxylammonlum; and withdrawing from the 
Inaction zone an organic medium of cyclohexanone oxime dissolved in said organic 
solvent. Particularly suitable organic solvent for use in the process for preparing 
cyclohexanone oxime are toluene and benzene. Preferably toluene is used as organic 
solvent The phosphate buffered, aqueous reaction medium Is preferably continuously 

10 recycled between a hydroxylammonlum synthesis zone and a cyclohexanone oxime 
synthesis zone. In the hydroxyfammonium synthesis zone hydroxylammonium is 
formed by catalytic reduction of nitrate lona or nitric o^dde vrith hydrogen. In the 
cyclohexanone oxime synthesis zone, hydroxylammonium fbnned in the 
hydroxylammonium synthesis rone reacts with cydoh^anone to form cyck;>ht»anone 

1 5 oxime. The cydohexan<me o)dme can then be separated from the aqueous reacMon 
medium which Is recycled to the hydroxylammonium synthesis zone. An organic 
medium comprfsing the formed cydohexanone oxime dissolved in said organic solvent 
is withdrawn from the reaction zone, and distilled to recover cydohexanone oxime 
having a water content less than 1 wt.% and even less than 0.1 wt.%. 

20 The recovery of caprolactam from the reaction mixture obtained in 

the last stage of the Beclcmann rean-angement may be perfomned by known methods. 
PfBferably» the reaction mixture obtained in the last stage of the Beckmann 
reanrangement is neutralized with ammonia in water and the ammonium sulfate thus 
fbnned is rmioved from the caprolactam solution. The caprolactam solution may be 

25 purified by known procedures. 

DeseriDtlon of oreferr ed embodiment 

Figure 1 shows a preferred set-up for a rearrangement in three 
stages comprising a first drculation system, a second circulation system and a third 

30 circulation system. The first circulation system comprises mixing device A1 , collecting 
vessel B1, pump CI and cooler D1, and a ^t reaction mbcture is kept in circuiation via 
line V The second drculation system comprises mixing device A2, collecting vessel 
B2, pump C2 and cooler D2, and a second reaction mixture Is kepi in circulation via 
line 11. The third circulation system comprises mixing device A3, collecting vessel B3, 

35 pump C3 and cooler D3, and a third reaction mixture is kept in drculation via line 21 . 
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Cydohexanone oxime and oleum are fed into the first reaction mixture via line 2 and 
line 3 respecHveiy. A portion of the fli^ reaction mixture is withdrawn from coliectfng 
vessel B1 via line 4 and fed Into the second nddction mixtura Cylcohexanone oxime is 
fed into the second reaction mixture via line 12. A portion of the second taction 
6 mixture Is withdrawn from collecting vessel B2 via line 14 and fed into the third reaction 
mixture. Cydohexanone oxime is fed to the third reaction mixture via tine 24, A portion 
of the third reaction mixture Is withdrawn from collecting vessel B3 via line 34. The 
process is carried out continuously. 

Rgure 2 shows a mixing de^^ce that is preferably used as mixing 
1 0 device A1 , mbdng desAce A2, and mixing device A3. 

The following specific examples are to be construed as merely 
illustrative, and not IfmitaUve, of the remainder of the disclosure. 

In the examples the yteld to capmlactam was determined as fbilowe: 
Samples were taken from the reaction mixture leaving the last stage of the 
16 rearrangement The yield (amount of caprolactam fonned per amount of 

cydohexanone oxime fed to the reaction mixture) was detemifned as follows; To a first 
part (0.2 g) of each sample concentrated sulfuric add (20 ml. 96wt%) was added, as 
weii as 15 g and 0.7 g HgO. The nitrogen content of the resulting acidic mixture 
was d^ennined using the KJeidahl (Method, from which tf)e molar concentration of 
20 nitrogen in the first part of the sample fTN) was caicuiated. A second part of each 

sample is extracted with chiwofomi. This method is based on the fact that caprolactam 
enters the diloroform phase.The Impurities stay in the water phase. The extracted 
aqueous phase is analyzed for rts nitrogen content by the Kieldahl Method, ftam which 
the molar concentration of nitrogen in the second part of the sample (RN) was 
25 calculated. The yield is calculated as follows: 

% yield =^(U^)x 100 
TN 

The absorbance at 280 nm (Esdo), used as quality specification of the 
30 obtained caprolatam, was detemnined as follows: 

The reaction mixture leaving the last stage of the reanengement was neutralized with 
ammonia, and the resulting caprolactamHContaining aqueous phase was separated. 
The absorbance of the separated caprotactanvcontaining aqueous phase was 
measured at a wavelength of 290 nm using a 1 cm cuvette (calculated for a 70 wt% 
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aqueous caprolactam solution). 
Examotesl-V 

tn a laboratory setup, in a 0.6 1 baffled reactor equipped vw'th a turbine 
5 type stirrer, cyclohexanone oxime (containing Jess than 100 ppm water) end oleum 
were continuously added to a reaction rnixture comprising caprolactam, sulfuric acid 
and sufur trioxide and reaction mixture is continuoueiy withdrawn. The amount of 
reaction mixture withdrawn Is equivalent to the amount of cyclohexanone oxime and 
oleum introduoed Into ttie reason mixture. Cydohexanone oxime was inteneh/ely 
1 0 mbced with the reaction mixture. In each expeilment the molar ratio M of the reaction 
mixtuiB was kept around 1 .2. The temperature at which the experiments were 
perfbmied was 95"^. The S<h content (KSOs) of the reaction mixture was varied form 
5 to 15% by using oleum with drffen^nt SOa content. The results are given in Table I. 
Table i below shows that at a given molar ratio the yield to caprolactam increases and 
15 the qualify improves at increasing 8O3 amount in the reaction mixture. 



Table! 





Yield 


ExtincUonat290 
nm (1 cm/70wt%) 


4.5 


«7.r3 


3.7 


e.7 


97.95 


3.2 


9.4 


98.21 


2-50 


ia6 


98.51 


1.42 



Examples VI>>X 

20 Examples t-V were repeated with the difference that the temperature 

at which the experiments were performed was 7&Ki. The results are given in Table li. 
Table II below shows that at a given molar ratio the ^Id to caprolactam increases and 
the qualify Improves at Increasing 8O3 amount In the reaction mixture. 



25 
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%803 


Yield 


Extinction at 290 
nm (1 cm/70wrt.%) 


3.4 


97.66 


2.8 


6.3 


97.85 


2.2 


9.9 


98.23 


1.27 


15.2 


99.04 


0.3 



l^xamDle XI 

Aset-upwasusedaadeplCliedInflgure6land2.Toth©1 step of a 
5 rearmngementsystem 7.1 tftir oxlin contaHilng lessthan 100 ppm water is fed (2) and 
9 8 tmr oleum containing 29 wt% SO, <3). The temperature m the reador is 
maintained at 1 02-C l»y circulaling the reanangement mixture at a rale of 400 tfhr over 
a cooler (01) In which its temperature is lowered to 77«C. The oxime is mixed into the 
drcuiaiing mixture thioughamlxing device (ADhavingathroal diameter of 51 mm 

10 (lOlb) and the mixing device was provided with 16 channels (diameter 3 mm). 

Cydchexanone oximewasfed through 8 channels (8 of the channels being in closed 
position). The velocity of the circulating mixture in the throat Is 40 m/s and the velocity 
at which cyclohexanone oxime Is fed to the circulafing reaction mixutre is 41 m/e. The 
reactor discharge (4)Is sent to the 2"^ step of the rearrangement system vi»hore 1 .9 tfhr 
15 oxime of identical orlgine Is added (12). In the second and third step of the 

reairangemenl system the oxime is mixed Into the circulating mixture through a mixing 
device (A1 ) as used in the first step l>ut of which the dimensions are adapted to fte 
lower throughput in the second and third step. Circulation rate is 150 tflv and cooler 
(D2) outlet temperature is 72*0 and the reactor operates at 86 'C. RnaHy the discharge 
20 ofthe2'-reactor(14)l8senttothe3«'stBpoftherBarrangementsystemwhere1.1 t/hr 
oxime is added (22). Operating temperature is again 86 controlled by circulating rate 
of 1 00 t/hr and cooler (D3) outlet temperature of 76"C. 

The molar ratio M of the reaction mixture in the third step Is 1.19. The 6O3 content of 
the reaction mixture In the third step vi/as 14.3 virt.%. The yields In the dischange of each 
25 reanangement reactor were detemiined using the above given method. These yields 
are overall yields and through calculation the yield of the second and third step is 
determined. The overall yield of the S-step rearrangement system waa 99.5 %. The 
yield of the third step viras 98.9%. The exdnciion at 290 nm (detennined as given 
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dbove) was 0.369. 

Example XI was repeated with the difference that c/cldhexanone 
5 OM'me with 4,6 wt.% water was used and that 9.3 t/hr oleum containing 29 wt.% SO3. 
To ensure simiiar oleum to oxrme consumptfon ratios the oleum feed was adjusted In a 
way that the molar ratios measured in each of the three steps were close or Identical to 
the values from Example XI. The molar ratio M of the reaction mixture in the third step 
is 1 .20. The SO3 content of the reaction mixture in the third step was 3.6 wt.%. The 
1 0 yields in the discharge of each reanangement reactor were determined. These yields 
are overall yields and through calculation the yield of the second and third step is 
(]0tenmlned. The overall yield ofthe 3-step rearrangement system was 99.3 %. The 
yield of the third step was 98.3%. The extincGon at 290 nm (determined as given 
above) was 1.036. 

16 



20 
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CLAIM8 

1. Process for preparing caprolactam by Beckmann reairangement of 
oydohexanone oxime by feeding cyclohexanone oxime to a reaction mbcture 

5 comprising 0) sulfuric acid (fi) SO3 and (Hi) caprolactam. wherein the SO, 

content of the reaction mixture is b^een 9 and 20 vrt.% and the molar ratio 
M of the reaction mixture defined as (nsoa + nH2so4)/nMp is between 1 and 1 A 
wherein 

0309 » quantity of SO3 In reaoHon mixture, in mol 
10 nH2so4=<3uan™y of H2S0* In reacBon mixture, In mol 

Heap » quantity of caprolactam In readion mixture, in mol. 

2. Process according to claim 1. wherein the molarratioM of the reacUon 
mixture is between 1.15 and 1 .4 and the SOs content of the reaction mixture Is 

between 10 and 18wt%. 
16 3. Process accoKling to any one of daims 1-2. wherein the reaction mixture Is 

kept in circulation in a circulation system and wherein oieum is continuously 
introduced into the reaction mixture in an amount sufficient to maintain the 
molar ratio M of the reaction mixture between 1 and 1 .4 and wherein the SOa 
content of the oieum introduced Into the drculallng reaction mixture Is such 
20 that the SOs content of the cireulating reaction mixture is between 9 and 20 

wL%. 

4. Process accorxJIng to any one ofdafms 1-5. wherein the cydohexanone oxime 

has a water content of less than 2 % by weight, 
a. Process aceowflng to any one of daims 1-4. wherein the cyclohexanone oxime 
25 has a water content of less than 1wt.% by weight 

6. Process according to any one of daims 1-5, wherein the oydohexanone oxime 
is obtained by 

a) preparing an organic medium comprising oydohexanone oxime dissolved 
in an organic solvent 

30 b) separating, by dlsUllatlon, oydohexanone oxIn» flrom said organic 

nriedium. 

7. Process according to any one of daims 1-6, wherein caprolactam Is prepared 
In a more stage reanangement In which the reaction mixture of at least the 
last stage has a moiarratio M of bdween 1 and 1.4 and a SOaContent of 

35 t>etween 9 and 20 wL%. 
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8. Pix>cess according to any one of daims 1-6, wherein the caprolactam is 
obtelned by a continuous process comprising 

a) feeding (i) oleum and (ii) cyctohexanone oxime Into a first reaction mixture 
ccmprisfng caprolactam, sulfuric acid and 
5 b) feeding (iil) a portion of the first reaction mixture and (iv) cyctohexanone 

oxime into a second reaction mixture comprising caprolactam, sulfuric acid 
and SOs, wherein the molar ratio M of the second reaction mixture is 
between 1 .0 and 1 A and the 80^ content of the second reaction mixtune is 
between 9 and 20 wL%, 
10 c) withdravAig a portion of the second reaction mixture. 

9. Process according to any one of claims 1-6. wherein ttie caprolactam is 
obtained by a continuous process comprising 

a) feeding (i) oleum and (il) cyctohexanone oxfme Into a first reacHon mixture 
comprising caprolactam, sulfuric acid and SO3, 
15 feeding (iii) a portion of the first reaction mixture and (iv) cyctohexanone 

oxime into a second reaction mixture comprising caprolactam, sulfuric acid 
and SOs, 

c) wIthdrBwing a portion of the second rsacfion irMxture, 

d) f^ing (V) a portion of the second reaction mbdure and (vl) cyctohexanone 
20 oxime into a tfiird reai^ion mixture mmprising caprolactam. sulfuric acid 

and SQa, wherein the molar ratio M of the third reaction mixture Is between 
1 ,0 and 1 A and the SQa content of the thiral reaction mixture is between 9 
and20wt%t and 

e) withdrawing a portion of ttie third reaction mixture. 

25 
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ABSTRACT 

The invenfion relates to a process for preparing caprolactam by 
Bedonann reamingenient of cyolohexanone oxime by feeding ^dohexanone oxime to 
5 a reaction mixture comprising (i) sulftirtc add (H) 80» and (iff) caprolactam, wherein the 
SOa cont^ of the reaction mixture is between 9 and 20 wt.% and the mofar ratio M of 
the reaction mixture defined as {x\^ + nH2$04)/ncap is between 1 and 1.4, wherein 
nso3 quantity of SOs in reaction mixture, in mo! 
nH2S04 ^ quanfity of H2SO4 in reacticn mbdurei in mot 
1 0 neap ^ quantity of caprolactam in reaction mixture, in moL 
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